An increased mortality from lung and stomach cancer was found in previous studies on Lorraine iron miners. A detailed analysis, however, was not possible due to the lack of data for survivors. In this study the cohort included 1178 workers selected at random from all the 5300 working miners aged between 35 and 55 at the start of the follow up period, which ranged from 1975 to 1985. Occupational exposures and tobacco consumption, lung function tests, and respiratory symptoms were assessed for each subject in 1975, 1980, and 1985. 
excess of lung cancer in non-smokers and moderate smokers (<20 pack-years) or the miners who worked only at the surface or underground for less than 20 and 29 years; and 877 (p < 0.001) for heavy smokers who worked underground for over 30 years. This showed an interaction between smoking and occupational exposure. The excess mortality from lung cancer was because there were some subjects who died young (from 45 years old).
Comparison with the results of a previous study showed that additional hazards produced by diesel engines and explosives increased the mortality from lung cancer. The SMR was higher than 400 (p < 0-001) from 45 years old instead of from 56 years. A relation was found between a decrease in vital capacity (VC), forced expiratory volume in one second (FEV1) and of FEVJIVC and mortality from all causes and from lung cancer in heavy smokers or men who had worked underground for more than 20 years. Respiratory symptoms were related to mortality from lung cancer among smokers (moderate and heavy) who worked underground for more than 20 years. It is considered that the risk of lung cancer in the Lorraine iron miners was mainly due to dust, diesel engines, and explosives although the role of low exposure to radon daughters could not be totally excluded.
(British Journal ofIndustrial Medicine 1993;50:1017-1031)
Investigations conducted in many countries reported an excess of mortality from lung cancer among iron ore miners.'-25 Only a few studies showed an increased risk of stomach cancer.17 1920 Iron ore miners are exposed to several occuptional hazards but these were generally not measured in detail. As in uranium mines,4 26 27 some authors attributed much of the risk of lung cancer to radon daughters even if the dose was low.134-8 Other investigators however, suspected dust and other hazards.'O'4 16-19 Chen et al indicated that it has not been possible to evaluate the relative roles of dust and of radon daughters due to an overlap of exposure to both hazards.2' There were also other hazards produced by machinery and explosives (polycyclic aromatic hydrocarbons, diesel fuel, CO, NO., SO2, etc) and smoking. Interaction between smoking and occupational exposure was investigated by several researchers.4 28 December 1985) . Interaction between occupational exposure and smoking was examined. As in other studies3537 we also analysed the relations between lung function, respiratory symptoms in 1975, and subsequent mortality during the observation period.
Materials and methods
The cohort consisted of 1178 workers selected at random from all the 5300 working miners aged between 35 and 55 who had worked in the iron ore mines of Lorraine for more than five years and who had normal pulmonary x ray films and no chronic cardiovascular diseases." All the subjects attended a medical examination at the mine's occupational health centre. The protocol included an interview with the standard respiratory questionnaire for the study of (1975, 1980, and 1985 Amounts of radioactivity due to radon daughters were known from an analysis made in these mines during a research programme on radioactivity in non-uranium bearing mines in Europe. 4' In 1980 and 1985 the subjects were invited to attend a similar medical examination at the mine's occupational health centre. The follow up was conducted by the mine medical officer. The protocol was conducted by the same medical team from our laboratory.
In this study, subjects who were less than 35 years old or more than 55 years old were excluded as were those whose lung function was not assessed in 1975 (39 men (3-3%) ). Also, 41 In terms of occupational exposure, the eight deaths were distributed in various exposure groups: three miners who worked at the surface only, two who worked underground for between 20 and 29 years, and three for more than 30 years. Table 3 shows that the overall mortality of the cohort was similar to that of the French male population (SMR = 90, NS). This value would be close to 100% when the eight deaths (8/97 = 8 2%) with an unknown date of death were taken into account. The miners who worked underground for less than 20 years had a low mortality from all causes (SMR = 74, NS, p < 0-10). Only the miners who worked underground for over 30 years had a higher mortality than expected (SMR = 120) but it too was not significant.
A significantly increased death rate was found for lung cancer (SMR = 389, p < 0.001). It increased with the duration of work underground (SMR 0 for subjects who worked only at the surface, and SMR 181 (NS), 423 (p < 0-001), and 625 (p < 0-001) for those who worked underground for less than 20 years, between 20 and 29 years, and more than 30 years) (table 3). Miners who worked underground for less than 20 years had an increased death rate from lung cancer (SMR = 181, NS), stomach cancer (SMR = 482, NS, p < 0 10), and cirrhosis of the liver and alcoholism (SMR = 259, NS, p < 0-IO). The excess number of deaths from these causes was, however, noted only among smokers of more than 20 packyears: SMRs 381 (p < 0 05) for lung cancer, 997 (p < 0-01) for stomach cancer, and 569 for cirrhosis of the liver and alcoholism (p < 0-001) (table 4) .
Although the number of deaths from some causes was small, our results indicate that the mean age at death was lower for lung cancer than for stomach cancer (53 (SD 4) v 55 (SD 5) years). The age at death of miners who worked underground for between 20 and 29 years and of those who worked for more than 30 years was similar. Hence, the difference in the SMRs was due to the difference between the number of deaths that occurred (table 3). these factors when the duration of work under- Table 5 attempts to elucidate the respective roles ground was more than 20 years. of occupational exposure and smoking in lung can- Table 6 presents the value of the SMRs accord-
cer. An excess of lung cancer was noted only in ing to the duration of work underground and age. subjects who worked underground for more than At the start of the follow up 45-8% of the subjects *p<0-05; **p < 0-001; ***p < 0-001; tO-05 p < 001.
The eight deaths having the date of death unknown (8-2%) were excluded. 0 = Number of observed deaths. When 0 is zero, the number of expected deaths is given in parentheses; (A) = Mean (SD) age at death (y).
Mortality of iron miners in Lorraine (France): relations with lungfiunction and respiratory symptoms *p<005; **p < 0-01; ***p < 0001. tThese figures seemed interesting, but they were calculated with non-significant SMRs (for non-smokers, in line (4)). namely, VC, FEV,, and FEV,/VC. Table 7 shows
We examined whether a decrease in a lung func-the values of the SMRs for subjects having all the tion index at the start of follow up was related to three indices normal and for those having one subsequent mortality for all causes and for lung index decreased. The value of an index was concancer. Lung function and respiratory symptoms sidered as normal or decreased if it was either 911*** *p<0-05; **p <0-01; ***p < 0-001; tO-05 < p < 0-10.
The eight deaths having the date of death unknown (8-2%). were excluded. O = Number of observed deaths. When 0 is zero, the number of expected deaths is given in parentheses.
(a) Higher than predicted value for the three indices simultaneously; (b) lower than predicted value. As some subjects had several indices decreased simultaneously the sum of all 0 was higher than the total number of deaths for all the cohort (89).
group underground for more than 20 years, the SMR was about twice as high for subjects having a reduced lung function index (900, p < 0-001) compared with those having the three functional values normal (426, p < 0-01). Table 8 shows the SMRs for all causes for men who had a respiratory symptom and those who had none at the start of the follow up. Among moderate and heavy smokers, those with a respiratory symptom had an SMR similar to that of symptom free workers. The values of the SMRs were however, generally much higher for heavy than for moderate smokers, but a significant excess of overall mortality was found only for heavy smokers with stage 1-2 dyspnoea. By contrast, the risk of lung cancer was as a whole clearly higher for men having a respiratory symptom than for symptom free subjects (table 9 ). Due to the small numbers it was not considered suitable to compare the values of the SMRs for various symptoms. Table 10 presents the values of sensibility, specificity, predictive value of a positive (defined by a decrease in a lung function index or the presence of a respiratory symptom at the start of follow up) or negative test for subsequent mortality from all causes and for that from lung cancer. This analysis was not strictly valid because at the start of the fol- and Moselle (one million inhabitants with 506 125 men). There were also industrial platforms producing air pollution. These areas had an increased risk of lung cancer (SMRs 146 and 159 (p < 0 01) with reference to the French male population) in the 1971-8 period.54 Furthermore, an excess of stomach cancer was also noted (SMRs = 111 (p < 0 05) and 117 (p < 0 01)). Therefore, it would be suitable to choose the population of these administrative divisions as the standard population.
None the less, the choice was not easy. The population of the coalmine district exposed to a fairly high air pollution produced by the industrial platforms of Carling64 showed a lung cancer mortality (1G40) lower than that of Moselle for the 1980-4 period.55 Also, although the most polluted township64 experienced the highest risk of lung cancer, the various townships of this district had a very different SMR (between <0-80 and > 1 25 with reference to the population of Moselle) even though this area is not large. By contrast, the various iron mine districts showed a homogeneous mortality from lung cancer.
In this study, however, we preferred the French male population for five reasons: (1) SMRs for various districts probably included other workers exposed to some hazards also related to lung cancer; (2) the excess of lung cancer was low compared with that found in the study; (3) there are several other factors that could also play a part, in particular the socio-occupational category. Desplanques reported that unskilled workmen have a life expectancy lower than other workers and there is a correlation between life expectancy and the SMR65; (4) the comparison between various exposure groups in the study cohort would eliminate the different bias; and (5) it allows comparison with the results of other studies on the same areas that also used the French male population as the standard population.
SELECTION AT HIRING AND THE HEALTHY WORKER

EFFECT
The low mortality found for subjects aged less than 45 supported the hypothesis that selection at hiring and a possible healthy'worker effect (until the start of the follow up (1975)) could play a part. Moreover, despite the high excess of lung cancers and of stomach cancers, the overall mortality did not exceed the expected (even if the eight deaths with date of death unknown were included). The overall SMR would equal 71 (p < 0 01) if we assumed that the SMRs for lung cancer and for stomach cancer equalled 100% and if the eight deaths above were taken into account.
COMPETING RISK
The miners studied had an increased risk for lung and stomach cancers only. The distributions of age at death from various causes for the cohort studied were totally different from those for the French male population. In our cohort, lung cancer outweighed all the other causes except for stomach cancer (table 2). In the French male population, cardiovascular diseases were more frequent than lung cancer. Also, the frequency of upper respiratory and alimentary tract cancer was appreciable compared with that of lung cancer (about 2/3 until 35 years old, and similar for the 40-54 year age group. Then more lung cancers appeared in the 55-59 year old group44). This phenomenon could be explained if the risk of upper respiratory and alimentary tract cancer due mainly to smoking only (and possibly to alcohol consumption) was predominated by that of lung cancer caused by the cumulative effects of occupational hazards and smoking.
LATENCY TIME AND THE MINERS MOST AT RISK FROM LUNG CANCER
The study cohort seemed appropriate because it showed at what ages an increased risk was found for various causes. An increasing death rate for lung cancer was found from 45 years old and persisted after 55 years of age. The excess mortality was found mainly in the miners who began working life young.
There were some subjects who died quite young, a finding reported in several investigations. '6 266"9 The correlations between lung function and respiratory symptoms and subsequent mortality seemed to show that the subjects who started work young would be the least resistant or the most exposed. The interpretation was difficult due to a great variation in the amount of exposure between various employments as emphasised by Pham 
ROLE OF SMOKING AND OCCUPATIONAL EXPOSURE
This study reported an interaction with smoking. Also, the results presented in table 5 supported a multiplicative relative risk model between tobacco consumption and duration of work underground when this was more than 20 years. This was expected because there are many hazards in the two factors. These findings also indicated a threshold value. 76 In analyses where smoking was taken into account (tables 4 to 9), the values of the SMRs for non-smokers were underestimated because in the standard population used here about 80% of subjects were smokers. 49 The values of the SMRs for smokers were slightly overestimated (1 2 according to the method of Axelson and Steerland.52). We were tempted to estimate this bias for non-smokers but numbers were too small. Furthermore, no excess of lung cancers was found for smokers of less than 20 pack-years who worked underground for less than 20 Comparison with the results of other studies was interesting. The frequencies of various causes of death reported by Chen et a12' in iron ore (haematite) miners in China (of 490 dead underground miners, 42% were from silicosis and silicotuberculosis, 20% from cancer including 5-9% for lung cancer) were different from those in our study (all cancers 56-7%, lung cancer 34 0%). They found an increased death rate for lung cancer similar to that of our study (SMR 370 v 389). Jobs with heavy exposure to dust and radon daughters showed an SMR of 420. As in our study, they also noted that the risk increased with the amount of dust exposure among current smokers, and no excess of lung cancer existed in unexposed workers (SMR 120). On the contrary, they did not find an excess of stomach cancer in underground miners. These differences could be explained by the fact that the hazards, the ore constituents, and the work conditions would be-different between different mines. On the other hand, the age of the cohort studied, the personal factors like smoking, race, lifestyle, and the subjects' age at first employment could also play a part. This was shown by Amandus et They found a significant excess of deaths from tuberculosis, respiratory diseases, and lung cancer. 9 The role of radon daughters has been studied by many researchers.-5 27 
